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ABSTBACT 

i Presented is' one of a series of publications of . 
Rational; Aeronautics and Space Administration (NASA) facts atout the 
exploration of Hars^ The^7i)cing. mission to Bars, consisting of two 
unmanned* NASA spacecraft launched in August and September, t975, is 
described* A description , of the spacecraTft and their* paths is given. 
A diagram identifying the five phases of the .mission to Hars is" 
presented* A diagram of the lander spacecraft and the orJ}iter 
" spacecraft with the lander attached in cruise mode is included. 
Descriptive and jpictoral views of landing sites and photographs taken 
with a Viking lander camera show some of the aspects of t.he science 
*experiments being completed. A life detection experiment is -explained 
in/jde.tail. Three student- oriented projects are given as well as a 
sjiggested reading li'st. (EB) 
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THE V!KING MISSION, 

Mission to Larrd on Mars 

The Aiperican bicentennial Viking mission to Mars 
coo5i$ls of two unmanned NASA spacecraft launched 
in Aug. and Sept. 1975. When each spacecraft reaches 
Mars dunng die summer of 1976 it will go into orbit 
around the red planet and later dispatch a landing cap- 
sule to the Martian surface. Each lander and orbiter will 
carry a payload of scientific instruments aimed at two 
major scientific explorations of bur neighbor world: 

•* Seek evidence of whether life exists now or has 
' . existed in the gast on Mars. 



• Qbtain information to improve our traderstandlpig 
of how Earth developed ks a planet able to support 
life and hpw we ckn better preserve and protect the 
environment of Earth. . 
If \^king detects life on Mars we might expect 
that among the hundred billion stars in the Galaxy, 
jnany of vSnch have planets, there may be other solzir 
systems that also h^ve life and possibly hav^^developed 
intelligent life forms. \ 

' Tlie .Asking spacecraft are designed to tnake three 
basic types of scientific observations of Mats, First, the 
orbiting spacecraft will continue with the detailed photo- 
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survc} of the planet started b>^'fetfliet Mariner sjace- 
craft Second, the nucJear poi^eTed .lander searcb 
forjorms of life on .the surf^. third, both spacecra^, 
Will obtain infonnaiion al30i4,the ph>Sjcal features and 
makeup of the planet and its atopsphcre,, ^ 

TTie orbiters and the lan^ci^ will qond.i^i-th4r 
experiments to sTud> surface jeplogj and'lhe intern^ 
structure of Mars, and to find out if Mai3..is^^ilf 
geologically alive. Orbiler ab^^l^der j^otograpfis ^iir 
identify types of land forms, stratificatioijj.'fpl^, joints; 
faults, rock types, erosion^ sediments' and' soili. and will 
pro\ide_ clues about mineral and chemical e ^m position 
of the Martian surface. If marsquakes are retorded as 
expected, scientists might be^able to determine if Mars 
has a core, a mantle, and a crust, as does the Earth.- 
Thus they vnW be abfe" to .compare the intern^ struc* 
tures of Earth, Moon, and Mars through ^tual seismic 
recordings. 

Tbfi lander instruments will identify elements "and 
TntneraJs^njhe soil. Thermal mapping^ from orbit will 
search for gromid frost and thermal hot spots that might 
indicate heat ftow anomalies, such as volcanoes,:where 
intgrnal heal, comes to the surface of the planet. , 

-Yikiriig^^ radio and. radar systems wijrjJtovide ja- 
formation that ^houfdJmprove our knowledge of Mars*' 
size, mass, grayilational field, sitrface density, and 
electromagnetic properties, arid atmospheric density and 
turbulence. The orbitei^ will also observe the formation 
and movement of clouds on Mars, watching the gross 
nleteorologr of the plant from orbit, while the landers ' 
sample ground-Jjascd weather at two positions on the 
planet's surface: 



Eafh.spacecra&»travels througji^^pacc lot ahaost a.., 
year andaniveMttMaivwhea^thc jdani^ Is on tibe eppo- 
site sidf of the Sun ficbm the Earth, iiavmg.'toY(3ea .-i 
sume 644 imUi?jn kilometers (400 miffic^J.^ni.} to 
the^ Red Planet, At the rendezvous, dista^^of 
maUon kilomete^ (200 million mb) radKo.^sijpids 
traveUng at 300,000 kilometers per second .(I^6,db0 ' 
nips). take 20 jninjites to travel from the !^cecrafi \s> 

* \he frve phases of the Viking fission to Mars gre identified 

thr& <ftggr3fl>rrLatiPCh..CrmS^, Qffait, landing and Sufface 
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Ol^eratiOns. If Sie Viking spacecraft stjryive beyond solar 
cortiuoction in Novernber 1976. tkere vwil l>e 3 i^tb, extended, 
phase of Viking operations. \ ' ' . 



The Viking Project 

The Viking project^of the. National Aeronautics and 
Sp|ice Admjm3traUoi} is managed bv th^ Langley Re- 
search Center at Hampton, 'Virgfitil-^, Martin Marietta 
Corporatioji designed'* and^ bnlft ihel; landers, is re- ^ 
sponsible for developing the science* jhslrum^js,, and 
builds the Titan III launch vehicle. 1^^SA^iQt%ppuU 
sion Laboratory is fesponsible toj' bml^iijg to; of-' 
biters and for prpvlHing the facilities for spac^iff ^ 
tracking and for mission control Eighty scientists, of 
the United States arid other nations^direct the sojentffiSj 
myestigations of this project. They form thirteen science ;' 
teams. ; - - 



The Spacecraft and their Paths 

Viking is the mostfcomplex- space mission to be 'flown 
'by NASA, since it/equires thc simultaneous operation 
of four sophisticated spacecraft around a distant planet, 
each of the spacecraft /carrying out exacting S(^ientiflc 
experiments on or about an alien world.-^It is the first 
^ ^ mericah ' mission to , land a spacecraft on another 
"anet.. 



ERIC 



Centaur Bum 
Parking Orbit, 
2nd Bum 



^ Stage 2 
/ Separation 



Bioshield Cap 
Jettison 



Ctntaur' 
Deflecttoa 




Shroud 
Jettison' 



\ > Stage 1 . 

Separatiop 




Solid Rocket . 
Motor Separation 



> Launch 

Titan fW/CenUur 




also take ihe 



.EartlC _an4 ^nwnlndb lu the ipacecri 
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1;; Tlie dj>grarn shpy^the fi^c ihajor o^ratfons of the 
Vjjiing mi^skm. The Jaanch phase is a^cokipLshed vvhen 
.tne Jltan flj. Centaur launch vehicle lifts \he i)pacecraft 
Spm, ihe prfd at the An Force* ^lE^teraVTc J R^ngc, 
j^onda, ihd plac^ it onto^ orbil awund me jEarjh, A. 
short while later the rocket cneioes.of Qmiaur again 
. thrust and ^nd thu spacecraft "into an eHrptica) iplat 
orbit to carry it from Earth to Mars. » 

Xhc cruise phase bf Vikmg operations ^ a period 
of vrajimg.Qn jbcJ<?ng,Afix^jgg-JALidianu^f;gtuat^^^^ 



\ 

some on*coursc corrections to the flight palh to make 
sure that arrival is dmed just ri^t to enter the required 
orbit around Mars. Y 

Next, when the spacecraft enters its elliptic^ path, 
around Mars, the mihion moves into the oxbital phase 
of operations. Cameras aboard the .orbiter photograph 
ihe landing sites, the o]1)it is adjusted as needed, and all 
is made read> for the descent of the landing capsiilc. 

An entry phast?:foUows in which the laiiding cap- 
sule goes through a series of complex sequential opera- 
tions, deceleration frbm orbit by rocket brakings entry 
into the atmosphere and braking by atmospheric drag 
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Diagram of the lander spacecraft of Project Viking. 
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. on the enclosing aeroshcll, opening of a. parachute and 
further aerod>oa"thic braking, and4inall> landing on the 
surface with th'e aid of rocket engines. " , 

With the lander safel> down, the mission enters its 
fioiil landed phase in which scientific exploration of the 
Martian surface takes place. 

The orbiter spacecraft is the larger of the two 
spacecraft components of the Viking system. The 
iander is contained within its own capsule and 
attached to the orbiter by a-truss adapter. It remains 
quiescent during the long jourjiey to Mars. The orbiter 
is a larger version of the Mariner spacecraft that ex- 
plored Mars from flyby and orbit in earlier years. The 
arrangement of components is similar to Mariner, but 
Viking carries much larger propellant tanks and more 
powerful computers. Its camera system has been im- 
proved to permit taking of landing site pictures and 
T^a>ing them to Earth much faster than wjould have 
been possible with the earlier M^iriner spacecraft. The 
0~'i]re.s are* needed urgently for scientists to assess the 
ce of landmg sites. , . 



The Viking orbiter is also equipped with a larger ^ 
area of solar enprgy collecting celk to proVide addi- 
tional electrical power for the complex mission; a 
total of 620 watts.^ large parabolic antenna is motor 
driven to poinf toward Eartli and provide a light 
communications beam that allows rapid transmission * 
of data to fhe big antennas of the Deep. Space Net 
located in California^ Spain, and Australia. 

The combination of orbiter and4ander must be 
positioned, correctly in orbit around Mars and pointed 
in the right direction whpn retro-rockets fire aboard the 
lander to separate It from the orbiter and send it on its 
way to the Martian surface'. 

The lander is a very special spacecraft. Since 
we do not want to contaminate Mars wilh Earth 
bacteria, the lapder is sealed In a profec^ve structure — 
a lightweight bioshield — and heated to a high tempera- 
ture long enough for all bacteria to be (lesti;pyed. The 
lander remains in this bioshield. until it leaves the 
Earth's atmosphere. Three small hydrazine engines in 
the lander capsule apply thrust to break from orbit and 




caase the Jander lu fall toward MarS. AlJbul fvvo hours 
after separaiion^ ihe lander encuupfei^ (he Martian 
atmosphere and uses its aeroshell lo .protecf it from the 
heat of entr> into this atnic&phef<L Thb^liell also slovvs 
the capsule 'down b> dissipating cncjr^ into the at* 
mosphcre. When^ the landa is about 6200 meters, 
{20,000 ftO above the su/lacc of Mars a parachute is 
deployed lo slow the do«:ent further. THe aeroshell Is 
blown off and falls a/a> from the slowly descending 
*lander. At about mX) meters (4000 ft.) above the 
'surface,* ihe.j^Dck^ engines of the l^der igriite and 
brake the falliurtha, \iltimatel> bringing the spacecraft 



of Martian soil and deposits thcmiWo the maw of the 
machine like some strange anim^ scpopm^ up food. 
The soil samples are not, hqwevcr, food for tml Earth 
monster invading the Red Pjanet. Thc> arc samples ' ^ 
fpr complcjt mini-faboratoiies inside the lander, there 
to be analyzed and bathed in nutrients to see if any 
Martian life Vrithin them can be cufjivated Into 'actiw^__ 
that win reveal its presence. 

For .several weeks after touchdown each lander ^ 
will gather samples, take photographs, record weather _ 
conditions, arid analyze the atmosphere of the Red 
Planet. All the while the orfaiters aloft wili.be keeping 



watch on their offspring below, accepting their data ana 
relaying it back to^Earth, . 

But gradually and inexorably the motion of Earth 
and Mars will carry Mars behind the Sun as sctn from 
Earth and communication will be broken during. No- 
vember 1976. Before this happens, the landers. viH \. 
placed into hibernation. When the planet emerges again ^ 
from behind the Sun, the landers can be brought out 
of hibernation and continue ,their experiments^ on the 
surface of Mars, , * "/ ' 

This would be\ an. extended- mission since the . ^ 
nonjinal Viking mission ends at the . time . of solar con- 
junction. In recent years all K^^SA spacecraft have sur- . 
viyed their nominal missions and continued into jcx- 
tended missions, and Viking is expected to do the s^e. 



softly to rest on the suTface of Mars, As soon as the 

' footpads touciyaowj|, the rocket engines are ftirtfed off. 

. For these maneuvers the lander has to be a very com- 
plex spacecraft able to perform them all automatically. 
Bat once it is down on the surface its operations change 
to a highl) sophisticated machine for exploriflg the 

Tsurfauc of Mdih. Now a set/ on three spindly legi, 
as instruments whirring,, jts dish-shaped antenna 
pointed skyward, its two cameras turning and blinking 
as they build-up detailed $trip pictures pf'the Martian 
panorama.. / 

On top of the lander at cither side are two radio- 
jsotope-powered electricity geuierators ,for its power 

. needs. And stretching out in front, between tKe two 
cainera turrets, js a long arm which scoops up samples 



DiafefSm of the arbiter spacecraft of Project Viking with 
lander attached in cruise mode. • * 
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The* lander spacecraft on the surface of Mars searches for 
evidence of Martian life; it samples the soil and the 
atmosphere, and photographs the sufroundiog area. - 
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Where the Vikings viWl land on Mars 

Following rtiontjis of stud> b> a panel of gcolo^ist^nd ^ 
other scientists^. four sites were sclcc^^d on Mars for \hc 
landing of the two \'<J^ing spacecraft. These sites were 
selected on* the basis that thc> must be gcologicall> dif- 
ferent to provide t*wo t>pei» of Martian surface sampling, 
must provide unobstructed areas for meteorolog>, and 
be at low altitude wh^fe atmospheric pressure is great- ;. 
est and there would be a chance of liquid water. Addi- 
tionall) the sites were choscn on river' deltas and not 
too wi,dcl> separated "^o that the two Viking landers can 
make* seismographic observations of the same mars- 
quakes.. ' ^ 

In addition, the sites had tq be between 25. de- 
grees south latitude and 75 degrees north latitude at 
locations where there would be onlv gentle s4i)pes witH 
no large protuberanecs and no surface rocks, and 
where, wmds might blow at less than 70 meters per 
O ,[)nd r220f.p.s.). 



The first Viking will be armed for a landing site 
at 19.5 degrees 'north latitude and 34 decr^jcs west 
longitude, in a region of Mars called Chryse. This is 
prime site A. Chryse me^ns "land of gold,'* and relates 
in ancient Greece to a golden land in the far east. In 
mythology Chryse was a priest of ApoJIo whose daugh- 
ter was seized in the battle of Troy and given to Aga- 
memnon, only to be returned after Apollo struck the 
Greek camp with a. plague. 

The southern half of the Chryse area consists 
mostly of deeply dissected plateaus, possibly deported 
from volcanoes. Hut much material from this area 
.seems to have been swept northward along well-defined 
channels to a low area of only slight relief where it is' 
intended to land the Viking lander. Scientists believe 
Jtiat the .surface at this site is nearly everywhere par- 
tially covered by dust deposits transported by the wind. 
There may also be material washed from the canyons 
and interspersed with the dust layers. The wind-driven 
deposits may consist of sand duncsy each hundreds of 



' riietcrs^ acFOSS and covered with tinjr ripples, '/he chan- 
nel deposits Tnight consist of slFghtly rolling hilb whh 
small cjiannels and low sandbanks, each perhaps tens 
of jnefers wKle. This site is within a region ^Kere water 
may have flowe.d in copious quantities in the^ past. 




Landing -sites chosen for the two Viking spacecraft ^ch 
consists of a prime site and a backup site as siqwn on this 
map of the- planet. 'Close-ups of each landing site are shown 
above and left. Prime'A in Chry^e.and Prime B in Cydbni^. 
The long ellipses signify thef areas in which the Vikings 
might land. 



Viking landing sites. 
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The second VikJng wUl be targeted to land farther 
north in an area calleul Cydonla, a flat stretch of the 
northern basin plains where water may be availaBle 
even toda^. Cydonia Js the name of a town in Crete 
which,' in turn, is qajped for Kydon, the ^on *of the 
^rcatc^ Icujg o|.Cret|T/Minos- 

The landing su^area consists of sn^poth anci 
niottled rolling plain^jSpossibly flows of jjasalt covered. 
_!by^wihd-bome debris, volcanic dust, and water-borne 
sednncnts. The site Js located on the eastern side of 
the Marc Acidalium where the plains units of , the Mar- 
fian northern lowlands abut the higher equatorial pla- 
teaus and hilfe. Hiere may be vdeanie eenes and lava 
flows in the area, as well as the wind-borne and water- 
-borne debris. 

There is a band around Mafs between latitudes 
40 aiid 55 degrees north at which som^ parts of the 
surface are depressed like the floor of some ancient 
dried up ocean. In this band ^liquid w ater may be pres- 
ent for about two or three weeks daring each liorthern 
spring. Thus life migltTflourish for a brief period here 
each^Martian yeat» taking up its water from the Martian 
soil as permafrost melts into liquid. To a single baC- 
tcrium a drop of water is as good as an ocean. This' v 
second landing site, Icnown as prime site B, is located" 
in this band 44.3* degrees north latitude and 10 de- 
grees wtsi longitude. - 

Both prime sites have backup sites to be used if 
the first sites are rejected following close^ oljseryations * 
from orbit before the actual landings. The backup to 
site A is in d region Jcnown as Tritonis Lacus at 20 
-degrcei north latitude and 252 degrees west longitude. 
The site B backup is in the region of Albg at 44.2 
iiegrees north latitude and 1 10 degrees west longitude. 
All the sites are thlis in a variety of plains in the north- 
ern lo\vJ^dcrs comparable to the Earth's ocean floor 
basins, close to the margins of the ^M^^tian continents 
The A sites are where the. highlands 'drained, so sam- 
^ples there should provide regional highland material. 
The B sites are on ocean floor sediments.. This com- 
~bination gives the best ♦possibilities for fossil and. 
^present water and best samples to test cuj'rent theories 
about the evolution of Mars. 



The Science. Experiments — Orbiters 

Each orbiter' carries two television cameras which at 
closest approach to Mars on each orbit (periapsis) will 
provide pictures of the surface suflidiently detailed to 
ccveal an object the size of a football stadium. A major 
effort will be to check the landing sites chosen for the 
Viking landers before these landers afe sent down from 
orbit to* the Martiarf -surface. 

Scientists on Earth will interpret the pictures geo- 
logically to try to ensure that the exact landing sites 
chosen will be in a. relatively flat area rather than in 
hilly or rough country! The orbiter will also be alert 
fojr local dust storms that might be , developing before 
laniier is sent from orbit to the surface. Such a 



action when it reaches the surface^ could be damaging 
^ during the 'lander*s ijescent 

With the lander safely down, the orbiter's came 
. will then be used for routine mappings of Maf^ to sup- 
plement the pictures returned by Mariner 9 in 1971 
and look for .significant changes on Mars since ^that date. 

As far as is known ^t present, life must have water 
for its survival. Consequently,. in searching for life on 
.Mars, landing at sites whe/e water, might be in the liquid 
% state is very important. The^ orbiter will carry any^t- 
mosphcric water detector that will, scan *the selected 
landing 3iJ;es to see if there arc. concentrations of water 
vapor in the atmpspherc/afaove t fae n i/Af te i ihc l a nd er . 
is safely down, this instrumeht vnll lopk;at other re- 
gions of Mars to map their water vapor characteristics. 

Smce life, too, on cold Mars might be predisposed 
to seek warm spots on the generally inhospitableplanet, 
a^ search will be madafrom orbit for warmer regions in . 
the vicinity of the landing sites.. The .instrument uses 
infrared measuring devices at,various wavelengths able 
^ to- detect Small areas of Mars that are as little as one 
degree hotter or colder than their surroundings. 



The Science Experiments — Landers 

Most of the- science instruments are carried Jn the 
landers, which ^1 not only sample the surface but also 
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rm, whjic it is not expected to put the lander out of 




make . direct measurements of the Martian atmosphere 
on the way down to the surface. 

Some atmospheric measurernant^ hpve been made 
previously by Soviet spacecraft entering the atmosphero * 
of Mars, and by both U.S. and Soviet orbiting "and 
flyby spacecraft. The surprise to scientists was th^t^the 
atmosphere of Mars is very deficient in nitrogen com- 
pared with that of Earth. Some of the Soviet experi- 
ments imply that there might be quantities of another ^ 
inert gas such as argon; as jtnuch as one-third of the 
Martiaii' atmosphere. ' 

Two entry experiments will be made by the lander. 
The first is for the highest regions of the atrnpspRere 
know fr^ the ionosphere, where atmospheric molecules 
lose electrons under the influence of solar radiation, and 
become ionized. !^arlier Mariners p^issed radio waves 
through the upper atmosphere of Mars and detected this 
lonuapherc at^f'heiglu of about 130 kilometers (81 mi.). ^ 
The Viking lenders will use an instrument cdled* a ^ 
retarding potential analyzer which measures the con- 
centration and charge of ions and the concentration of, 
electrons in the ionosphere as th*ey flow across the in- 
strument's wire grids. Charged* particles of different en- 
ergies and electrical charges are filtered and measured. 

But the gases in the atmosphere of Marsi arc mostly 
, un-ionized, i.e. electrically 'neutral. A separate instru- 
ment is carried to determine the identities and concen- 
trations of the uncharged atmospheric gases. This -in- 



strument is a mass spectrometeir which miist rapidly , 
^il^lyze the gases flowihg through it as the aeroshell of 
tile lander pushes through the atmosphere. Every five 
seconds the instrument will search througt^a range of 
atomic particles including hydrogen (atomig masp 1) 
and carbon dioxide (atomic mass 44). Thjr jpnge in- 
cludes those other gases expected in the Mars atmos- 
phere. . , 

The physical characteristics of the Martian at- 
mosphere will also be measured during the landing 
phase by several other sensors carried on the aeroshell 
and the lander itself. Measurements will be made of 
how quFckfy The atmosphere slows down thelander. ihe 
pressure and temperature of the atmosphere at various 
heights will' be measured along the landing track.. 

But the main science experiments begin when the 
lander has safely reached the dry, dusty surface of Mars. 
Two cameras, mounted on extensions above the upper 
surface of the lander, will take 360 degree panoramic 
views of the landing site. The two cameras permit three- 
dimensional (stereo) views of the surface of Mars. These 
camera's are the facsimile type which use nodding mir- 
rors to make a picture by scanning the scene to be 
photographed in a seiries of very narrow vertical strips.' 
IJach camera requires 20 minutes to scan a full scene; 
so a rapidly moving object would not be photographed 
on Mars. However, the cameras do not require a lens 
(that might be scoured by Martian dust storms) and 



This photograph of sand dunes in a western desert of the 
United States was taken W4th a Viking Jander camera. It 



shows the type of detail that is expected to be revealed 
by Viking Ivhen it returns photographs from Mars in 1976. 



they show objects in sharp focps from cjose to the 
lander to the far horizon. They are adapted to take 
photographs in black and white, full color, and infrared. 
A picture of terrestrial sand dunes, taken with one of 
these cameras shows the tremenddus detail expected to 
be revealed on the Martian landscape. J 

The pictures of Mars will provide geologisis with 
information to help interpret what has been happening 
on Mars since the^water flowed in the ancient channels 
perhaps hundreds of thousands of years ago. Water- 
worn debris might be revealed that will confirm fld^P 
of surface water. The cameras will also reveal any vege- 



tation that might be growing on the surface. Note that 
Martiaa plants could be brown or black since they 
.might use other sunlight absorbers than the chlorophyl 
that gives the green color to Earth's plants. Views of 
the footpads of Viking resting on the Martian dust will 
allow scientists to determine the strength of the Martian 
soil and possibly its composition. 

Suppose you. could stand' on the dusty landscape 
of Mars on July 4, 1976, beneath the dark blue sky 
with its feathery wisps of high cirrus clouds. In the 
broad valley where mountains o§ soil were spread even- 
ly in past ages by. water deluging from the equatorial 
canyonlands you might see S distant dust devil whirling 



across the^sand dunes. And squatting on the Martian 
soil would |be the Viking lander moving its mechanical 
appendages*. The faint whirr of electric motors would 
struggle through the thin ,coM air as a slender arm ex- 
tends in froijt, of the lander and carefully scoops up a 
sample of . soil in its* mechanical claw. The arm then 
retracts and drops the sapiple into round openings in 
the top of the lander. * 

The search for life on Mars will have started. The 
lander carries three major life detection experiments 
which test for photosynthesis (the basic process of ter- 
restrial plant life), for metabolic activity (consumptio n 



of nutrients), and for respiration (interchange of gases 
/with the atmosphere). , . , ' 

In an instrument occupying a single cubic foot of 
volume, each lander packs the equivalent of three auto- 
mated biochemical laboratories, a computer, ovens« 
radioactivity counters, a^siuilamp, and a gas chcomato- 
graph. It has 43 raimatuW^valves to control flow of gas 
and nutrients, AO temperature control devices, 22,000 
transistors, and 18,()pO other electronic parts. 

A simple drawing of the biology package is shown. 
The first experiment deals with photosynthesis, the 
basic process by which plants apply energy frbm 
the Sun to assimilate carbon from the atmosphere 



Biology experiment 

This diagram shows the three life detection experiments 
that-Viking will make on the surface of Mars; a) checking 



for photosynthesis; b) checking for conversion of nutrients, 
and c) checking for respiration. 
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and use it with hydrogen from witter to produce organic 
molecules. Oxygen from the water is emitted by the 
living system as a waste product. It is believed that the 
Earth's atmoSpTiere became oxygen-enriched by this 



process. ' 

On Vijcing a ^quarter of oic cubic centimeter of 
Martian soil is placed into a ylontainer in which the 
Martian atmosphere has be^ji^hanged to include car- 
l)on monoxide and carl)on dioxide made from radio- 
active carbon- 14. For several day^the sample is bathed 
in light simulatinj^ Martian sunlight. A living organism*'^ 
iiLthe soil would be expected .to assimilate cathon^ome _V 
of which would be^the radioactive isotope. Jhen the 
remaining^gases in the chamber are flushed fromW 
^sample to remove all the remaining caV/bon-14, and the 
sample is immediately heated to 625X (1155°F). Or- 
ganic ntaterials are changed into gases that are passed 
into a device that detects for the presence of any carbon- 
14. Detection of this radioactive isotope will indiqatq 
that something in the soil, most probably a living or- 
ganism, has extracted the carbon-14 from the atmos- 
phere. The second experiment places about twice as 
much Martian soil in a tube and moistens it with, a 
nutrient fluid labeled with carbon-14. The sami3le then 
stands for ^out two weeks ^at a temperature ofSiboiU 
lO'^C (50'*F). If there are any microorganisms in the^' 
sample they would be expected to consume the nutrient 
and later release gases oontainine the carbon as a waste 
product. If a detector finds carbpn-14jin the gas from 
'around the sample the conclusion would-be that a living 
system exists on Mars able to- absorb nutrients from a\ 
fluid and exude carbon dioxide as a waste material. \ 
Many Earth life forms, including people, do just that. 
People eat food rich in carbon (see this carbon \f you ' 
overcoolf food jn a skillet until it blackens), extract 
.energy by changing the complex molecules containing * 
the carbon into simpler molecules, and exhale carbon 
dioxide as a waste product. 

TJie third biological experiment carried by the 
Viking lander operates on. the basis that living creatures 
»must alter their environment as they live, breathe, eat, 
and reproduce. Soil which has been moistened by water 
rich in nutrients is incuj^ated for close to two weeks ^in 
a sealed cup. Periodically the gas surrounding the soil 
>sample is withdrawn aijd passed through an instrument 
known as a gas chromatograph. Thus any changes to 
the atmosphere surrounding the soil sample arcj de- 
tected; for example if methanQ,gnd carbon dioxide have 
♦ been developed by a microorganism. 

But should all these instruments fail to detect life, > 
this 'will not jmean that4here is no life on Mars: The 
* landers might have been' ^et down in barren places. Or 
Martian li^fe might fiot even be detected bf these Vilcing 
instruments, which are based upon what we know about , 
how Earth life operates biologically. 
* , Besides looking for life. Viking will pnalyze the 

surface materials of Mars. A soil sample will be bom-^ 
barded with X>rays which cause the soil atoms to flu- 
oresce by emitting other X-rays characterfstic of the 
O fferent elements* present in the sample. This expcri- 
j^R K^ent only tells what elements are present in the soil 
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and .their concentrations, nqt how the^ arc compounded 
into molecular substances. But a goOohjn'derstandin^ of 
the surface materials mayl^e obtainep by camera ob-* 
servations ofihow the claw-like s5?npler spoops up the 
soil and" howuhe landing legs disturb this soil. A mag- 
net ori the sccfop will alsQj^veal the presence of mag- 
netic material^iri the Martian soil. , ^ * 

The presence of large volcanoes on Mars raises 
the question of whether they are still active. Volcanoes'* 
on Earth of^n lie dormanMor centuries. But dormant 
volcanoes can si\\\ give rise to marsquake^. Each Viking 
" SandgS^arri^s a seismo meter to detect such. quake s and_ 
seafch |or evidence Of a Martian core. The seismdmete/ 
would also detect the footsteps of a l^rge atiimal passing 
by the lander! \ 

Another group of thd lander's instruments will re- 
cord Martian weather as \veather stations do on Earth. 
Pressure, temperature and vdf^i^ will be record- 
ed. The atmosphere will >ffr^^ be analyzed for its com- 
position by means of a mass-spectrom'eter. It will de- 
termine how the^atmosphcrei changes each day for many 
Martian days. Then the ipstrument will be used in 
conjunction with an oven tlkt will roast soil samples 
.so that they give off in sequence g^ses that can be recog- 
nized as oflgiriating from or^nic molecules. 

The next booklet in this series describes the s^ 
quence in.^hich these experiments will made in orbit 
and on^Mars during the /fiission of the twgj Viking, 
spacecraft — the orbiters and the landers. . 



STUDENT'PROJECTS 

Project One — Role Playing * 

You are the leader of the Martian -community. By 
monitoring .Earth TV^even tjjough you do not under- 
stand Earth l^guages, you have seen thSt Viking is 
coming to your planet and what it will do; i.e. photo- 
graphs from orbit, photographs from the surface, life 
detection, seismometry. You and your subjects, the 
class, must decide if and how you will make yourselves 
known to the Earthmen through their spacecraft's in- 
struifient^. If you decide YES, what will you do to com- 
municate with Earth through Viking? Design a message 
to Earthjnen from your civilization, remembering that 
Earthmen cannot read your language and may not even 
understand your symbologjK For example, an arrow- 
head on Eafth is a symbol'xif directions and was devel- 
oped as a result of man's early use of bows and arrows, 
sbitiething unknown j)n Mars. 

If you decide ifeJO, how will you try to fool Viking? 



Project Two f 

You arc a scientist at vlking Mtssion Control in Cali- 
fornia and on one of 'the pictures returned from the 
lander you see a group of curious creatures standing 
still and examining the lander. They \yere not on the 
previous picture and have vanished on the next picture.' 
You see them Hi color and in stered or 3D.' You have to 
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inform the'U.S. President about this amazing discovery. 
-Write your report describing what you see in the pic- 
ture,, what you think it implies; recommend what should 
be done and point out the possible "dangers or benefits 
to humanity from discovering this life form on Mars. 



.Project Three 

Experimental detection of life by an optical technique. 
' Use the following equipment 

Lime water, 

C^(0H)2 ' 
A test tube 

A simple^otoelectric lightmeter 
A soil saimle with and without organic 
material?" 

Method:, Place the lime water in the test tube and take 
a reading of the light meter against the tube with a 
faifly constant light* source, a north-facing window for 
example. Next in^rt a^ood ^mount of the soil sample. 
Watch how the presence of any organism that gives 
off carbon dioxide will cause a" shift in the clarity of the 
water and register on the light me^er, , 

Suggest how you niight modify an experiment such 
as'this tor use on Marl. Compare this experinkntVith 
those in Viking that<^detect the. production oTca%on 
dioxide by* living organisms. List the advantages and 
disadvantages ofi the various metKods. ' * 
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